Objective-To evaluate previous research to determine if exercise can improve preexisting hyperkyphosis by decreasing the angle of thoracic kyphosis in adults aged ≥45 years.
exercise, weight lifting, exercise therapy, exercise movement techniques, aged, physical fitness, and middle aged. The titles and abstracts were searched in PubMed using the [tiab] option after the author keywords: exercise, yoga, Pilates, exercise therapy, exercise movement techniques, physical activity, posture, hyperkyphosis, spinal curvature, skeletal alignment, elderly, older adults, seniors, and middle aged (see appendix 1 for complete database search strategy). The online conference proceedings of the annual meetings of the American Society for Bone and Mineral Research, American Physical Therapy Association, and the Gerontological Society of America were screened for relevant titles and abstracts. The American Physical Therapy Association's proceedings of their combined sections meetings were also screened for relevant abstracts. The literature search was last performed October 15, 2012 . Table 1 shows the inclusion and exclusion criteria applied during the screening process. Age and baseline hyperkyphosis criteria were used to limit our search to studies that tested the effect of exercise on existing age-related hyperkyphosis. The inclusion of individuals as young as age 45 was an attempt to capture studies of postmenopausal women and middleaged adults affected by osteoporosis because this is a potential cause of hyperkyphosis. If the mean baseline angle of kyphosis for each study group was not given, or if a minimum angle of kyphosis was not an inclusion criterion for the study, it was included on the basis of participants being described as having flexed posture at baseline. Studies were also included if a subgroup analysis that included only those with hyperkyphosis was done as part of the study or if the baseline mean angle of kyphosis of at least 1 of the groups was ≥40°, a commonly used threshold to define hyperkyphosis. 25, 26 All types of exercise interventions were included as long as the participants performed at least part of the exercises independently in order to distinguish active exercise from passive mobilization aided by a physical therapist. Measures of kyphosis or forward head posture, a commonly used indicator of kyphosis, were allowed.
Inclusion criteria

Data collection and synthesis
Two independent reviewers (S.B., W.B.K.) screened the titles and abstracts of the search results and reviewed the full texts selected for inclusion in the review. A pilot-tested abstraction form was used for each full-text paper; each reviewer recorded details of each study, including study setting, inclusion/exclusion criteria, participant characteristics at baseline, details of the exercise interventions, outcome measures, adherence, adverse events, statistical analyses performed, and results. The abstraction form also included the Cochrane Collaboration's tool for assessing risk of bias, which was used to determine the quality of each study. This assessment evaluates the methodologic quality of key domains of randomized controlled trials (RCTs), such as blinding, random sequence generation, and selective outcome reporting. 27 After the abstraction forms were completed, they were compared and any discrepancies that could not be resolved through discussion by the 2 reviewers (S.B., W.B.K.) were resolved by a third, unbiased reviewer. This review was written in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses. Details of the study samples and exercise interventions are summarized in tables 2, 3, and 4. Mean within-group changes or the between-group difference in means postintervention are reported for the group(s) of each study, as applicable. A formal metaanalysis was planned; however, it was not performed because of heterogeneity among the selected RCTs in regard to the types of interventions, outcome measures, duration of intervention, and missing values in some publications that would have been required for a meta-analysis.
Results
Study selection process
Our database search yielded 1377 titles, and 2 potentially relevant titles were retrieved from other sources (fig 1) . Twelve studies were fully abstracted and included in this review. One additional study was identified, but it was a follow-up of participants in an already included study to determine whether participants maintained improvements from the prior intervention at 1 year 28 ; only the results section of the follow-up study is described here. Seven studies were randomized, parallel group designs, [29] [30] [31] [32] [33] [34] [35] and the remaining studies were characterized as nonrandomized intervention trials (eg, pilot studies). One RCT was a published abstract that provided limited information about the study in terms of study design and statistical analysis; however, it was still included based on meeting the selection criteria. 36 Although 1 study did not meet the prespecified criterion for hyperkyphosis at baseline, it was included based on a mean baseline occiput-to-wall distance of >5cm in both the intervention and control groups. The 2010 clinical practice guidelines for the diagnosis and management of osteoporosis in Canada 37 state that an occiput-to-wall distance >5cm indicates kyphosis and vertebral fractures. Overall, there were 33 discrepancies found between the abstraction forms completed by the 2 independent reviewers; most were resolved via discussion, and 2 of these discrepancies had to be resolved by a third, unbiased reviewer.
Studies included
Of the 13 articles selected for inclusion, 8 reported significant improvements in ≥1 measure of kyphosis or forward head posture (see tables 3 and 4). 13, [28] [29] [30] 33, 35, 38, 39 One additional study did not perform a formal statistical analysis but reported a 5% improvement in the mean angle of kyphosis from baseline to post-intervention. 40 All studies had ≥1 issue with methodologic quality that may have introduced biases and affected the interpretation of their results (table 5) .
Randomized controlled trials
Seven studies stated that they were RCTs, and 4 of these reported significant improvements in measures of kyphosis within the intervention groups or significant between-group differences. Given the heterogeneity of the interventions and varied durations of the 7 RCTs, it did not seem appropriate to pool their results for the purposes of a meta-analysis (see table  3 ). Only 4 of the 7 included RCTs reported between-group results. Of these 4 RCTs that reported between-group results, 2 of them reported significant differences between the intervention and control groups in favor of exercise. 29, 30 One of these 2 studies used 10 repetitions of prone trunk extension with a weighted backpack 5 days per week for 2 years, 29 and the other study's intervention consisted of a group yoga class 3 days per week for 24 weeks. The yoga intervention RCT was a high-quality study based on ratings of low risk of bias in many domains except for blinding of participants, which is difficult in an exercise RCT, and incomplete outcome data because a true intention-to-treat analysis had not been done. 30 The weighted backpack intervention also received a rating of low risk of bias in several domains, with the exception of participant blinding and other sources of bias because a post hoc analysis had been performed in which participants were stratified by baseline angle of kyphosis and BES. 29 Of the 3 RCTs that reported within-group results, 2 reported significant improvements in the intervention groups after the exercise programs. 33, 35 These studies primarily used strengthening exercises to improve kyphosis, and 1 incorporated physical therapy in addition to exercise. 35 Both interventions were performed for 12 weeks; 1 study had participants exercise 2 days per week, 33 whereas the study of exercise and physical therapy instructed participants to exercise every day. 35 The quality of these studies varied; the study of exercise and physical therapy was mainly rated low risk of bias, with the exception of participant blinding, which was high risk, 35 and the remaining study was given a mix of low and unclear risk of bias in most domains, except for incomplete outcome data, which were not accounted for in the study. 33 
Pre-post design studies
Five of the included studies were pre-post intervention designs, and 1 was a follow-up study; of these 6 studies, 4 reported statistically significant within-group improvements in measures of kyphosis 13,28,39 and 1 did not perform a formal statistical analysis but stated that a 5% improvement in the angle of kyphosis was observed after the intervention. 40 All of these studies received a rating of high risk of bias in ≥5 domains on the Cochrane Collaboration's tool, mainly because of a lack of a control group. The studies that reported significant improvements varied in terms of the type of intervention, from yoga to multicomponent exercise programs and Pilates. The duration of the interventions ranged from 8 to 12 weeks, with exercises typically performed 2 to 3 days per week.
Study participants
Men were not included in most studies, and none of the studies had participants as young as 45 years of age, the threshold chosen for inclusion in this review. Three studies did not specify an age criterion for inclusion but stated that participants had to be post-menopausal, suggesting that they were >45 years, 29,31,35 whereas another study described participants as elderly women. 36 The presence of osteoporosis and/or vertebral fractures at baseline varied among studies, and it is not clear whether the presence or absence of vertebral fracture was an effect modifier. Furthermore, 1 study performed a stratified analysis by the presence/ absence of vertebral fractures and found no differences between the stratified and the pooled analyses. 38 Sample sizes were small, and many studies either did not explicitly state that they performed a power calculation 29, 32, 33, 35, 36, 38, 39 or reported that they were underpowered. 13, 31, 34, 40 The main exclusion criteria across studies were safety or disability (cognitive or physical) criteria 30, 33, 35, 38 and contraindications to exercise or diagnoses that may affect exercise participation, such as pulmonary disease, cardiac conditions, and neurologic diagnoses. 13, [30] [31] [32] [33] [34] [38] [39] [40] Surprisingly, only 3 studies accounted for the exercise habits of participants at baseline.
Outcome measures
The outcome measures varied across studies. Three studies used >1 measure of posture, 13, 30, 38 whereas the other 10 used only 1 (see table 2 ). Some studies used reliable, previously validated measures of kyphosis, 41 such as the Debrunner kyphometer, flexicurve, and Cobb angle obtained from a radiograph. A few studies measured forward head posture or determined the distance between occiput to wall or tragus to wall; however, the validity of these measures compared with the criterion standard Cobb angle has not been determined. Three studies used an inclinometer to measure kyphosis [32] [33] [34] [35] ; all 3 studies reported intraclass correlation coefficients of ≥.73 for their respective measures, suggesting that the inclinometer was a reliable measure.
Interestingly, a few studies used a photometric technique to measure kyphosis. 33, 39, 40 The photometric technique involves placing cutaneous markers on the superior and inferior borders of the thoracic spine and recording a photograph or video of each participant wearing these markers. The angle of kyphosis was calculated based on lines projected from the markers. One of these studies reported an intraclass correlation coefficient of .85 to .92 for marker placement from a pilot study, 39 1 study did not report the reliability of its measure, 33 and the last study cited an intra-and interobserver coefficient r 2 =.998 from a validation study of their technique. 40 In most studies it was stated that kyphosis measurements were acquired when participants were standing. However, many studies did not report whether measurements were acquired during usual or best posture stance. Two studies only reported best posture, 31,34 and 2 reported usual and best posture. 13, 28 Interventions Exercises aimed at increasing BES were common to all of the interventions, and a few studies also included abdominal strengthening exercises (see tables 3 and 4). 33, 36, 38, 39, 42 Two studies incorporated postural education into the interventions. 13, 39 Several exercise programs were at least an hour in length. 30, 31, 33, [38] [39] [40] Some studies specified who provided the exercise program; generally, it was physiotherapists 13, 31, 32, 35 or certified instructors. 30, 39 In most cases, the comparator groups in the RCTs were not prescribed any type of intervention. 29, 31, 32, 35, 36 In 1 study, the control group performed a nonspecific exercise program for older adults, 33 and in another study, they attended a monthly lunch and learn session that aimed to provide a social environment similar to that of the yoga intervention. 30 Participants acted as their own controls in the Pilates-based exercise study; measurements were taken twice prior to the intervention, which served as the control period, and then twice after the intervention to determine if the effects of exercise persisted after a 4-week follow-up period. 39 
Assessing risk of bias
In general, there was a high risk of bias across all studies, most often related to blinding and incomplete outcome data. The non-randomized trials were rated as high risk of bias because they failed to use random sequence generation, allocation concealment, and blinding in their study design. Selective reporting did not appear to be an issue in any study; however, most studies were not registered, and their study protocol was not available to confirm whether selective reporting had occurred. Although 5 studies blinded outcome assessors to the allocation status of participants, 29, 30, 32, 33, 35 it is almost impossible to blind the participants in an exercise trial, except when the control group is also performing exercise. 33 In addition, 6 studies did not perform a true intention-to-treat (ITT) analysis, 13, 30, 31, 33, 34, 40 and 1 study introduced bias by performing a post hoc analysis. 29 Finally, 3 studies stated that they enrolled relatively motivated or healthy individuals, 13, 29, 30 suggesting that nonresponse bias may have been introduced.
Adherence and safety
Methods for reporting adherence varied across studies, and adherence was relatively high when it was reported. Three studies did not report any quantification of adherence 29, 34, 36 ; 2 studies reported a mean adherence of 80%, 38 1 reported a mean adherence of 97.5%, 39 and 1 reported a median adherence of 95% (inter-quartile range, 78%-100%). 32 Two studies reported adherence in a way that emphasized adherence in those that completed the exercises (eg, 88% attended at least 80% of the sessions 33 or average attendance of those who attended ≥75% of the sessions was 95% 40 ). Three studies simply stated raw numbers: 28 women attended ≥90% of sessions, 31 21 of 36 individuals attended 100% of sessions, 13 and 15 of 21 individuals who completed the study attended ≥50% of the physiotherapy sessions. 35 In addition, the participants of 2 studies expressed that the intervention was an overall positive experience for them. 35, 39 Generally, the interventions appear to be safe, although 7 studies did not mention adverse events, 13, 29, 33, 36, [38] [39] [40] and 1 study stated that no adverse events occurred during the intervention. 38 Commonly reported adverse effects of the interventions in studies that did report them were the following: shoulder pain/discomfort, soreness, irritation caused by physio tape, and back pain. 30, 32, 34, 35 Only 1 study reported serious adverse events, namely myocardial infarction and cardiac arrhythmia; however, it is unclear whether this was related to the intervention. 34 
Discussion
Our systematic review of the literature suggests that the available evidence regarding the effects of exercise on age-related hyperkyphosis is scarce and largely of low quality and that a few trials report some benefit of exercise or multimodal interventions that include exercise, a finding that is consistent with previous narrative reviews. 14, 15 The results of 2 RCTs reporting between-group results suggest that targeted spinal extension muscle exercises and yoga may reduce kyphosis among older adults with hyperkyphosis. Exercise adherence was generally good in studies that reported it, suggesting that exercise is an acceptable treatment option for people with age-related hyperkyphosis. The 2 RCTs that demonstrated significant between-group differences post-intervention ranged from 24 weeks to 2 years in duration and that exercise was performed on ≥3 days per week. Despite the improvements reported in some of the pre-post studies, it is difficult to make recommendations based on them because they were not the best quality and sample sizes were generally small. Most of the studies included in this review did not state the intensity of their interventions, making it difficult to provide guidelines for the level of exercise intensity that could improve hyperkyphosis. It is not possible to distinguish the effects of exercise in studies of multimodal interventions. However, most of the interventions to date have been led by physical therapists or trained instructors; therefore, it is reasonable to conclude that a physical therapist or instructor-led intervention including exercise may result in improved posture, but these findings may not be generalizable to other exercise types or settings.
It has been hypothesized that improvements in posture can be achieved with improved BES or other factors related to hyperkyphosis, such as spinal extension mobility, improved postural awareness, or fewer incident VCFs compared with controls. All of the exercise interventions identified in this review focused, in part, on reducing hyperkyphosis by increasing BES. None of the RCTs reviewed measured the effects of the intervention on BES; therefore, it is unclear whether participants had weak BES at baseline or if the intervention had an effect on BES. It is still not known whether BES is a strong determinant of posture. A previous study of older adults with osteoporosis reported an association between BES and hyperkyphosis when the study population was stratified according to strong, moderate, or weak BES, but not when the data were pooled. 43 In this study, only those categorized as having weak back extensors had significantly higher mean angles of kyphosis compared with the moderate and strong group means. 43 Recently, a study of women with and without osteoporosis reported that the degree of thoracic kyphosis was negatively correlated with BES. 44 In contrast, 1 of the studies in this review reported a significant improvement in BES without a corresponding improvement in posture, 31 whereas another study reported that posture improved with exercise only among participants with weak BES and kyphosis of at least ≥34° at baseline. 29 Variation across studies may be because of different techniques used to measure BES or differences in the sample populations. Future exercise trials could consider measuring baseline and change in BES to evaluate if it is a potential mechanism for any observed changes in hyperkyphotic posture. The fact that the interventions in all of the selected studies included exercises aimed at improving BES suggests that there is some consensus among researchers in the field that this is an important component to target. However, back extensor endurance has been measured in selected studies here and in studies of women with vertebral fracture, 32, 45 and it may be more relevant for maintaining upright posture.
Poor study design and reporting across many trials of exercise for the treatment of hyperkyphosis weaken the conclusions that can be derived and the generalizability of the work to date. The inconclusive findings in many studies may have been the result of small sample sizes or that few studies accounted for the exercise levels of participants at baseline. RCTs should state their power to detect a meaningful difference and perform an appropriate sample size calculation, as per Consolidated Standards of Reporting Trials guidelines. 46 However, given that there is no consensus regarding a clinically meaningful change in kyphosis, these power calculations may be difficult. The 2 high-quality RCTs that incorporated physical therapy into their interventions observed a statistically significant improvement in kyphosis within the intervention group of >3°. 32, 35 The yoga intervention RCT noted a significant between-group difference in the flexicurve angle (but not the kyphometer angle) of 1.75° at follow-up. 30 Many studies did not perform a true ITT analysis and likely overestimated the effect of their interventions. Conversely, above average activity levels at baseline might limit the potential efficacy of the interventions or create variability that would obscure the ability to observe between group differences. However, most studies saw improvements in other physical function outcomes, 13, [30] [31] [32] [33] [34] [35] 38, 40 suggesting that there was room for improvement. Finally, the external validity of the trials to date may be limited; few studies included men, and many excluded individuals with vertebral fractures and were single-center trials. Although hyperkyphosis may progress more quickly in women than in men, 25 there is no firm evidence that the prevalence of age-related hyperkyphosis is higher in women than in men. 8, 14, 47 Individuals with vertebral fracture were often excluded for the purposes of safety; however, many individuals with hyperkyphosis present with underlying vertebral body wedging and VCFs. 48 Similarly, excluding individuals with disability, comorbid conditions, or cognitive impairment may be relevant in a research setting but does not necessarily apply to an older adult population in a clinical setting where individuals with these coexisting conditions must be cared for. Finally, most studies recruited from a single clinic or outpatient department. Although recruiting from a single center may have the advantages of being convenient and less costly, the results of community-based or multicenter studies are generally more applicable to the external population. 49 There are a number of methods for assessing posture and no clear consensus on which should be used in clinical trials; however, it has been suggested that the flexicurve may be favored because it is easy to use and will not introduce large errors when there are deformities, such as scoliosis, present in the ends of the spine, where the Cobb and kyphometer angle measurements are based. 41 There were divergent results within studies that used multiple measures of posture in that they reported improvements in some, but not all, postural outcomes. Most trials did not use the criterion standard Cobb angle obtained from radiographs, avoiding unnecessary exposure to radiographs. Three of the measures used (flexicurve index, flexicurve angle, Debrunner kyphometer angle) have been validated against the Cobb angle measure with Pearson r values equal to .69, .69, and .62, respectively. 41 The same validation study calculated a conversion factor to convert any of the 3 measures to the Cobb angle measure without having to take a radiograph, 41 which may be useful in future studies. A few studies used photometric techniques and inclinometers and explanations regarding standardization of measurements were lacking. Although the inclinometer and photometric techniques used appeared reliable based on reported intraclass correlation coefficients, they have not been validated against the Cobb angle. Additionally, these techniques may not be relevant in a clinical setting where practitioners are likely to favor measurements that are less expensive and simpler to obtain, such as the flexicurve angle/index or occiput-to-wall distance. It is important to standardize the measurements of kyphosis because the degree of kyphosis can vary while standing in the usual or best posture. Moreover, a significant improvement in best posture may indicate improved spinal extension mobility, whereas an improvement in usual posture may indicate a decrease in the angle of kyphosis because of underlying musculoskeletal improvements.
Study limitations
The limitations of this review must be acknowledged. Studies that examined whether exercise can prevent the development of hyperkyphosis were excluded because the purpose of this review was specifically to determine if exercise could improve preexisting hyperkyphosis. The inclusion of studies that described participants as having flexed posture may not have accurately captured those with hyperkyphosis because we do not know the baseline mean angle of kyphosis of participants in these studies, thus limiting the conclusions that can be made based on these studies. The inclusion of only English language articles may have introduced bias. Three studies may have met the inclusion criteria based on screening their English abstracts. [50] [51] [52] The heterogeneity across the studies and lack of available data do not allow for a meta-analysis to be done at this time.
Conclusions
Our ability to provide definitive conclusions about the effects of exercise on hyperkyphotic posture was limited by the quality of and heterogeneity in the study designs and reporting in the trials to date. A small number of RCTs suggest that exercise overseen by a physical therapist or trained instructor may result in a modest improvement in posture and that a common feature of the exercise was an emphasis on improved BES. However, there were studies that showed no effect; therefore, the findings should be confirmed in a high-quality RCT. Choosing a validated, precise, and clinically relevant outcome measure, specifying a criterion for hyperkyphosis at baseline, including participants who are male, and measuring BES are considerations for future trials.
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Appendix 1 Database Search Strategies and Results as of October 2012
PubMed Search Cumulative Index to Nursing and Allied Health Literature Search #1 MH ("exercise" OR "therapeutic exercise") OR TX ("exercise" OR "pilates" OR "yoga" OR "physical activity" OR "exercise movement techniques" OR "resistance training") #2 TX "posture" OR "spinal curvature" OR "hyperkyphosis" OR "kyphosis" OR "skeletal alignment" #3 MH ("aged" OR "middle age" OR "frail elderly") OR TX ("elderly" OR "older adults" OR "in old age") Flow diagram depicting results of the study selection process. 
